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TITLE OF THE INVENTION 
METHOD AND COMPUTER PROGRAM PRODUCT FOR 
SOFTWARE /HARDWARE LANGUAGE MODEL CONVERSION 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims the 

benefit of priority from the prior Japanese Patent 
Application No. 2001-024887, filed January 31, 2001, 
the entire contents of which are incorporated herein by 
reference . 

10 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a software/ 
hardware language model conversion method and computer 
program product for automatically converting a software 
15 description into a hardware operation description. 

2 . Description of the Related Art 

Recently, attention has been given to the design 
of an overall system or hardware by using a software 
description language such as C, C++, or specification 

20 description language SpecC (described in detail in 

"SpecC: Specification Language and Methodology", Daniel 
D. Gajski, Kluwer Academic Publishers, Dordrecht, 
ISBNO-7923-7822-9) . This is a technique of describing 
a specification in a software description language and 

25 converting it into a specification in a hardware 

description language such as VHDL or Verilog to connect 
it to a downstream logic synthesizing tool in 
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proceeding to detailed design of hardware. 

Some tools for creating a hardware language model 
in the C language have already been commercialized. 
However, the codes to be input to such a tool are 
5 limited to those describing sequential processing. 

The tool is useful for partial design, but is not 
suitable for large-scale design because it includes 
portions that cannot be satisfactorily written in the 
hj= form of a sequential specification. Demands have 

Q 10 therefore arisen for software/hardware language model 

m 

L.n conversion that can support parallel programs. 

m Assume that a description in a software descrip- 

tion language includes parallel programs. In this 
i'T case, when the language is converted into a hardware 

i'^ 15 description language at operation level, the manner of 

;:r! handling shared variables cannot be directly converted. 

More specifically, in software, values are determined 
in accordance with the order in which assignment is 
executed. In hardware description, if signal outputs 
20 from the respective parallel programs are simply 

connected, the values become undefined or determined 
regardless of the assignment order. Demands have 
therefore arisen for a method of systematically 
converting assignment to shared variables into 
25 assignment in hardware description. 

Assume that a description in a software 
description language includes procedure calls that can 



operate parallel. In this case, when this description 
is converted into a hardware description language at 
operation level, the manner of handling calls for the 
same procedure cannot be directly converted. More 
specifically, if parallel procedures are replaced with 
processes, identical procedures can be simultaneously 
called. If, however, this operation is directly 
expressed by shake-hands using signals between the 
processes, exclusive calling cannot be realized. 
Demands have therefore arisen for a method of 
systematically creating an exclusive calling mechanism 
in the form of a code. 

BRIEF SUMMARY OF THE INVENTION 

The present invention has been made in considera- 
tion of the above situation, and has as its object to 
provide a software/hardware language model conversion 
method and computer program product for converting 
a software description including parallel programs and 
variables shared among them into a hardware description 
at operation level which operates in the same manner as 
the software description. 

It is another object to provide a software/ 
hardware language model conversion method and computer 
program product for realizing exclusive process 
execution processing corresponding to procedure calling 
in converting parallel programs in a software language 
into a hardware description. 



• According to one aspect of the present invention, 
there is provided a software/hardware language model 
conversion method for converting a first code described 
in a software description language to a second code 
described in a hardware description language. The 
method comprises: converting the first code to the 
second code; detecting a plurality of processes from 
the second code, the processes corresponding to a 
plurality of parallel procedures in the first code, 
which assign values to a predetermined shared variable; 
and generating a value solving process for the detected 
processes corresponding to the parallel procedures, 
wherein the value solving process includes pairs of 
a data signal and an assignment timing signal from each 
of the detected processes as an input, and includes any 
one of data signals corresponding to a change of the 
assignment timing signal, as an output. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 is a block diagram showing an arrangement 
of a software/hardware language model conversion 
apparatus according to an embodiment of the present 
invention; 

FIG. 2 is a view for explaining an example of 
a software description of parallel software programs 
sharing a variable; 

FIG. 3 is a view for explaining an example of a 
hardware description including a value solving process. 



which is obtained by converting a software description 
of parallel software programs sharing a variable; 

FIG. 4 is a view for explaining an example of 
a software description of hierarchically arranged 
parallel software programs sharing a variable; 

FIG. 5 is a view for explaining an example of 
a hardware description including hierarchically 
arranged value solving processes, which is obtained by 
converting a software description of hierarchically 
arranged parallel software programs sharing a variable; 

FIG. 6 is a flow chart showing an example of the 
procedure executed by the software/hardware language 
model conversion apparatus according to the embodiment; 

FIG. 7 is a flow chart showing an example of the 
procedure executed by the software/hardware language 
model conversion apparatus according to the embodiment; 

FIG. 8 is a flow chart showing an example of 
processing by a value solving process; 

FIG. 9 is a flow chart showing another example 
of the procedure executed by the software/hardware 
language model conversion apparatus according to the 
embodiment; 

FIG. 10 is a view for explaining an example of 
a hardware description obtained by deleting all value 
solving processes except for the value solving process 
at the highest level, which is obtained by converting 
a software description of hierarchically arranged 
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parallel software programs sharing a variable; 

FIG. 11 is a block diagram showing another example 
of the arrangement of the software/hardware language 
model conversion apparatus according to the embodiment; 
5 FIG. 12 is a view for explaining an example of 

a hardware description including a procedure call 
switching process, which is obtained by converting a 
hardware description including a value solving process; 
FIG. 13 is a flow chart showing still another 
z 10 example of the procedure executed by the software/ 

7 hardware language model conversion apparatus according 

=!: to the embodiment; 

FIG. 14 is a view for explaining an example of 
1 a hardware description including hierarchically 

T 15 arranged procedure call switching processes, which is 

f: obtained by converting a hardware description including 

hierarchically arranged value solving processes; 

FIG. 15 is a flow chart showing an example of 
processing by a procedure call switching process; 
2 0 FIG. 16 is a flow chart showing still another 

example of the procedure executed by the software/ 
hardware language model conversion apparatus according 
to the embodiment; 

FIG. 17 is a view for explaining an example of a 
25 hardware description obtained by deleting all procedure 

call switching processes except for the procedure call 
switching process at the highest level, which is 



- 7 



obtained by converting a hardware description obtained 
by deleting all value solving processes except for the 
value solving process at the highest level; 

FIG. 18 is a block diagram showing an arrangement 
5 of a system design support apparatus according to the 

embodiment ; 

FIG. 19 is a block diagram showing an arrangement 
of a software/hardware language model conversion 
1^=^ apparatus according to an alternative of the embodiment 

i:3 10 of the present invention; and 

Vp FIG. 2 0 is a flow chart showing an example of the 

m procedure executed by the software/hardware language 

model conversion apparatus according to the alternative 

='3 

of the embodiment. 
IJ 15 DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of the present invention will be 
described below with reference to the views of the 
accompanying drawing. 

FIG. 18 shows an arrangement of a system design 
20 support apparatus 100 according to an embodiment of the 

present invention. As shown in FIG. 18, the system 
design support apparatus 100 includes a specification 
model description section 101, architecture search 
section 102, cominunication synthesizing section 103, 
25 hardware specification creation section 104, part 

format ion/ reuse section 105, software specification 
creation section 106, and system specification 



recording section 107. The system design support 
apparatus 100 can be formed by using, for example, 
a computer. In this case, each processing portion can 
be executed by a program. 

The system specification recording section 107 
is used to record input data and all or part of the 
processing result obtained by each processing section, 
e.g., a specification for software executed by a 
computer, a specification for hardware combined with 
semiconductor devices and the like, a specification for 
an incorporated system constituted by a combination of 
software and hardware, and a specification on system 
level for a specification for a business process such 
as a work flow, and other necessary data. 

The specification model description section 101 
supports a designer to describe specifications for 
computation contents and communication contents 
according to a predetermined specification description 
form. As a result of support provided by the specifi- 
cation model description section 101, a specification 
model is created. The specification description 
form includes, for example, a structured text form 
represented by a structured programming language, 
a structural chart form using graphs, and a table form 
using tables. 

The architecture search section 102 divides 
a partial structure of a specification model into 
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elements and distributing the elements to architecture 
elements while maintaining the contents of the specifi- 
cation in consideration of a supplied specification 
description model and an architecture (the arrangement 
5 of a hardware/software implementation environment) . 

More specifically, parts constituting specifications 
for computation contents and communication contents 
designed by the specification model description section 
101 are assigned to architecture elements. 

10 The communication synthesizing section 103 

inserts a communication procedure (protocol) between 
communication specification elements distributed by the 
architecture search section 102 and performs protocol 
conversion (rearrangement of a communication procedure) 

15 to match with a communication procedure in which the 

communication content specification is inserted. 

The specification description models to be 
processed by the architecture search section 102 
are not limited to those described by using the 

20 specification model description section 101, and may 

include models and the like described by other tools. 
The specification description models to be processed by 
the communication synthesizing section 103 are not 
limited to output results from the architecture search 

25 section 102 (or models obtained by correcting the 

results) , and may include models described by other 
tools and the like. 
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* The hardware specification creation section 104 
creates a hardware specification described in hardware 
description language from a system specification. 

The software specification creation section 106 
5 creates a software specification from a system 

specification. 

The hardware specification creation section 104 
and software specification creation section 106 can 
process, for example, an output result from the 

i:3 10 specification model description section 101 (or 

LP 

information obtained by correcting the result) , 
m an output result from the architecture search section 

102 (or information obtained by correcting the result) , 
u, an output result from the communication synthesizing 

j'T 15 section 103 (or information obtained by correcting the 

result) , or infoinaation described by other tools and 

the like. 

The part formation/reuse section 105 forms 
a specification into parts and provides them for reuse 

20 in an entire or part of a design stage in the specifi- 

cation model description section 101, architecture 
search section 102, and communication synthesizing 
section 103. 

A software/hardware language model conversion 

25 apparatus to be described in detail later is used for 

the hardware specification creation section 104 of the 
system design support apparatus in FIG. 18, thereby 



creating an HDL description from a system 
specification. 

FIG. 1 shows an arrangement of a software/hardware 
language model conversion apparatus (to be referred to 
as a language model conversion apparatus hereinafter) 
according to an embodiment of the present invention. 

As shown in FIG. 1, the language model conversion 
apparatus has a skeletal code creation section 1, code 
replacement section 2, and value solving process 
creation section 3. 

From a model described in a software description 
language such as SpecC, this language model conversion 
apparatus creates a model described in a hardware 
description language such as VHDL (which operates in 
the same manner) . 

This language model conversion apparatus will 
be briefly described first with reference to FIG- 2 
(a view for explaining a software description language 
model) and FIG. 3 (a view for explaining hardware 
description language model) . Referring to FIGS. 2 and 
3, reference numeral 1021 denotes a shared variable; 
1023, procedures that can operate parallel; 1022, 
outputs from the procedures; 1011, a signal holding the 
value of the shared variable; 1015, processes that are 
executed parallel; 1012, a value solving process (the 
arrows represent inputting and outputting of signals) 
created by this language model conversion apparatus; 
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1013, an assignment data signal for the process; and 

1014, an assignment timing signal for the process. 
Assume that in a software description language, 

shared variables are set among parallel programs, as 
5 shown in FIG. 2. In this case, as shown in FIG. 3, in 

a hardware description language, this language model 
conversion apparatus creates an assignment data signal 
(1013) and assignment timing signal (1014) with respect 
i;^ to each shared variable for each process (1015) 

Q 10 corresponding to a value holding signal (1011) and each 

in 

'■Q parallel program (1023) that can write-access the 

Llj shared variable. The apparatus then creates a value 

solving process (1012) for switching an output to the 
U. value holding signal (1011) to a data signal (1013) to 

i'l 15 be paired with the assignment timing signal (1014) in 

jijii accordance with a change in the assignment timing 

signal (1014) . The value solving process (1012) is 
created by creating processing (see FIG. 8) for 
assignment to the data signal (1013) at a portion 
20 corresponding to shared variable assignment in the 

input code and a change in the assignment timing 
signal (1014) . 

Assume that in a hardware description language 
model output after forming the procedures in an input 
25 software description language model into a hierarchical 

structure, parallel processes are formed into a 
hierarchical structure, as shown in FIG. 4. In this 
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case, as shown in FIG. 5, value solving processes are 
set at the respective levels, and signals are connected 
in accordance with the respective levels. In this 
case, an assignment timing signal is added to the 
5 output of a lower-level value solving process. 

If there is a level difference, a value-reflecting wait 
is inserted. 

The processing performed by this language model 
conversion apparatus will be described below. 

10 FIG. 6 shows an example of the procedure executed 

by this language model conversion apparatus. As shown 
in FIG. 6, in this procedure, skeletal code creation 
processing (processing 1 to processing 6) , code 
replacement creation processing (processing 7 and 

15 processing 8), and value solving process creation 

processing (processing 9 and processing 10) are 
performed. 

Note that processing 1 to processing 10 to be 
described later can be performed in an arbitrary order 

20 as long as the execution order constraint shown in 

FIG. 7 (processing at the end side of an arrow must be 
executed after all processes at the start side of the 
arrow is completed) . In addition, a plurality of 
processes may be executed parallel. 

25 Assume that a source code in the SpecC language is 

input to create a VHDL source code. Assiame also that 
a VHDL code to be output has a signal CLK as an input 
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port signal with an IN attribute at each Entity, and 
its input value is a sync clock. 

<Skeletal code creation processing (skeletal code 
creation section 1)> 
5 (Processing 1) A specification in the SpecC 

language is comprised of elements called C language 
global function, global variable, and class. Assume 
that in this language model conversion apparatus, only 
an element called class is converted. There are two 

10 types of classes, namely behavior and channel classes. 

In the language model conversion apparatus, each class 
is made to correspond to a pair of VHDL Entity and 
Architecture . 

(Processing 2) A SpecC language class is 

15 comprised of a port variable, local variable, and 

function. In this language mode conversion apparatus, 
a port variable is made to correspond to a correspond- 
ing Architecture port signal; a local variable, to 
an Architecture local signal; and a function, to 

20 an Architecture process. 

(Processing 3) A port variable in a SpecC 
language class has three types of directional 
attributes, namely an input attribute (in) , output 
attribute (out) , and input/output attribute (inout) . 

25 In processing 2 described above, replacement of a port 

variable with a port signal is performed in the 
following manner in accordance with the directional 
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attributes . 

•In the case of the input attribute (in), a signal 
with the IN attribute (a total of one signal) is made 
to correspond to the attribute. 
5 -In the case of the output attribute (out), 

a signal with the OUT attribute (a total of one signal) 
is made to correspond to the attribute. 

•In the case of the input/output attribute 
(inout) , signals with the IN attribute and OUT 
10 attribute are made to correspond to the attribute. 

(Processing 4) With respect to functions in 
a SpecC language class, an execution trigger signal 
(an input signal for a process) and execution state 
signal (an output signal for the process) are defined 
15 as call signals. With respect to a function called 

outside the class, a call signal is defined as an 
Entity port signal. If a function has an argument or 
return value, a corresponding input /output signal is 
defined at a port in the same manner. 
20 (Processing 5) At the start of a process, a code 

corresponding to an external call for a function is 
generated in the following manner: 
process 
begin 

25 execution state signal <= '0'; 

wait until execution trigger signal = '1'; 
execution state signal <= '1'; 
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wait until CLK = '1' and CLK'EVENT; 

processing within function 

end process 

(Processing 6) With respect to a code in 
5 a function, a local variable in the function is made 

to correspond to a VHDL process variable. A variable 
assignment statement is made to correspond to an 
assignment statement; and wait, to a wait statement. 
A control syntax such as "if" is made to correspond to 
10 "VHDL if" or the like. A call for a function is made 

to correspond to the following code by using the signal 
created in processing 4 described above. 

execution trigger signal <= '1'; 

wait until execution state signal = '1'; 
15 execution trigger signal <= '0' 

wait until execution state signal = '0' 
<Code replacement processing (code replacement 
section 2) > 

(Processing 7) A signal assignment in a VHDL 
20 process block is not immediately reflected in a signal 

value. It is reflected when a wait statement is 
processed. In consideration of this effect, conversion 
is performed as follows. A temporary process 
variable is defined with respect to a VHDL signal. 
25 An assignment statement for variable: = signal; is 

generated immediately after the wait statement, and 
an assignment statement for signal <= variable; 



is generated immediately before the wait statement. 

An assignment statement to a SpecC language function 

exterior variable is an assignment statement to 

an exterior variable. In addition, the value of 

a temporary variable is to be referred to as the signal 

value . 

Consider, for example, the following SpecC 
language code with a serving as a function exterior 
variable. 

waitfor 100; 

a = 1; 

a = a+1; 

waitfor 100; 

The following is a corresponding VHDL code, in 
which a represents a signal corresponding to the SpecC 
variable a, and tmp_a is a temporary process variable 
corresponding to the signal. 

wait for 100 ns; 

tmp_a: = a; 

tmp_a : = 1 ; 

tmp_a : = tmp_a+ 1 ; 

a<=tmp_a; 

wait for 100 ns; 

If, however, an assignment destination corresponds 
to a SpecC language port variable, assignment is made 
to a signal with the OUT attribute instead of the above 
signal. In the case of a local signal, no special 
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change is required. 

If a SpecC language variable is of the event type, 
no temporary variable is generated. 

Assume that in a method of representing the 
5 occurrence of an event, an event signal takes a value 

of '1' during one clock. With regard to an event 
variable, "notify e;" corresponds to assignment. 

notify e; 

waitfor 100; 

10 The above code is made to correspond to the following 

code : 

e<= '1'; 

wait until CLK = '1' and CLK'EVENT; 
e<= ' 0 ' ; 
15 wait for 100 ns; 

Although an event is referred to at "wait e;", 
a VHDL code corresponding to this code is 
wait until e = '1'; 

(Processing 8) A SpecC language class can form 
2 0 another class into an instance. The formation of 

an instance is made to correspond to a VHDL port_map 
declaration. However, a port may be segmented into a 
plurality of elements in processing 3 described above. 
For this reason, if a port is connected to a local 
25 variable, and the same signal is connected to a port 

variable, a signal with the same directional attribute 
is connected. 



■ Consider, for example, the following SpecC 
language code: 

behavior BO(inout int b) ; 
behavior Bl{inout int a) { 
5 B2 aB2 (a) ; 

//... 

}; 

A VHDL code corresponding to this code is 
Entity Bl is port (a: in integer; a_out 

10 integer; ); end Bl; 

3 Architecture Bl od Bl is 

.0 Component BO is port(b: in integer; b_out: out 

•n 

integer; . . . ) ; end component; 
begin 

15 aB2 : B2 port map {a, a_out, . . . ) ; 



end Bl; 

<Value solving process creation processing (value 

solving process creation section 3)> 
20 (Processing 9) In each Architecture, signals 

subjected to assignment from a plurality of processes 

and port_map are detected. 

With respect to a detected signal sig, (a) a data 

signal sig_out_f and assignment timing signal 
25 sig_otrig_f are defined as Architecture local signals 

for a process f to which the signals are to be 

assigned. 



' (b) The signal created in (a) is input to create 
a value solving process with the signal sig serving as 
an output. 

FIG. 8 shows an algorithm implemented by a 
process . 

(c) Assignment statement sig<= expression; to 
"sig" in each process is replaced as follows: 
sig_out_f<= expression; 
sig_otrig<= '1'; 

wait until CLK = '1' and CLK'EVENT; 
sig_otrig<= '0'; 

With regard to a value solving process for a 
signal for function execution control, processing 
associated with an execution trigger and argument is 
performed altogether. This is because the execution 
trigger signal can play a role similar to that of an 
assignment timing signal. 

(Processing 10) If a signal to which the value 
solving process created by processing 9 described above 
is output is Entity Port, an assignment timing signal 
may be created in processing 9. In this case, as an 
output of the value solving process, an assignment 
timing signal is added, and processing is added to 
change the value of the assignment timing signal at the 
timing when the value solving process performs 
processing and outputs the resultant data to an output 
destination. 



' with the above procedure, for example, a VHDL code 
having a structure like that shown in FIG. 5 is created 
from a SpecC language code having a structure like that 
shown in FIG. 4. 

An alternative of the embodiment is described 
bellow with reference to FIG. 19 and FIG. 20. 

FIG. 20 shows an example of the procedure executed 
by the alternative of the language model conversion 
apparatus. As shown in FIG. 20, in this procedure, 
shared variable detection processing (processing 0), 
skeletal code creation processing (processing 1 to 
processing 6) , code replacement creation processing 
(processing 7' and processing 8), and value solving 
process creation processing (processing 9' and 
processing 10) are performed. 

Note that processing 1 to processing 10 to be 
described later can be performed in an arbitrary order 
as long as the execution order constraint shown in 
FIG. 7 (processing at the end side of an arrow must be 
executed after all processes at the start side of the 
arrow is completed) . In addition, a plurality of 
processes may be executed parallel. 

Assume that a source code described in the SpecC 
language is input to create a VHDL source code. Assume 
also that a VHDL code to be output has a signal CLK as 
an input port signal with an IN attribute at each 
Entity, and its input value is a sync clock. 
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<Shared variable detection processing> 

(processing 0) With regarding to variables and 
port variables in a class, descriptions, namely 
"assignment descriptions" in which functions or 
5 instances thereof update the variables, are detected 

from the SpecC code. Let us call such the variables as 
"shared variable". To the shared variables, 
information in order to identify each of the shared 
variables and information indicating that which of the 
10 functions or instances thereof assigned a value to the 

shared variable are associated therewith and are 
preserved. 

<Skeletal code creation processing (skeletal code 
creation section 1)> 

15 (Processing 1) A specification in the SpecC 

language is comprised of elements called C language 
global function, global variable, and class. Assume 
that in this language model conversion apparatus, only 
an element called class is converted. There are two 

20 types of classes, namely behavior and channel classes. 

In the language model conversion apparatus, each class 
is made to correspond to a pair of VHDL Entity and 
Architecture . 

(Processing 2) A SpecC language class is 

25 comprised of a port variable, local variable, and 

function. In this language mode conversion apparatus, 
a port variable is made to correspond to a 



- 23 - 



corresponding Architecture port signal; a local 
variable, to an Architecture local signal; and a 
function, to an Architecture process. 

(Processing 3) A port variable in a SpecC 
5 language class has three types of directional 

attributes, namely an input attribute (in) , output 
attribute (out) , and input/output attribute (inout) . 
In processing 2 described above, replacement of a port 

^ variable with a port signal is performed in the 

3 

3 10 following manner in accordance with the directional 

D attributes - 

ft -In the case of the input attribute (in), a signal 

n 

with the IN attribute (a total of one signal) is made 
I to correspond to the attribute. 

^ 15 -In the case of the output attribute (out), a 

signal with the OUT attribute (a total of one signal) 
is made to correspond to the attribute. 

• In the case of the input/output attribute 
(inout) , signals with the IN attribute and OUT 
20 attribute are made to correspond to the attribute. 

(Processing 4) With respect to functions in a 
SpecC language class, an execution trigger signal (an 
input signal for a process) and execution state signal 
(an output signal for the process) are defined as call 
25 signals. With respect to a function called outside the 

class, a call signal is defined as an Entity port 
signal. If a function has an argument or return value. 
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a corresponding input/output signal is defined at a 
port in the same manner. 

(Processing 5) At the start of a process, a code 
corresponding to an external call for a function is 
5 generated in the following manner: 

process 
begin 

execution state signal <= '0'; 

=^ wait until execution trigger signal = '1'; 

°i 

3 10 execution state signal <= '1'; 

11 

Q wait until CLK = '1' and CLK 'EVENT ; 
P processing within function 

n 

end process 

I (Processing 6) With respect to a code in a 

I 15 function, a local variable in the function is made to 

n correspond to a VHDL process variable. A variable 

assignment statement is made to correspond to an 
assignment statement; and wait, to a wait statement. A 
control syntax such as "if" is made to correspond to 
20 "VHDL if" or the like. A call for a function is made 

to correspond to the following code by using the signal 
created in processing 4 described above, 
execution trigger signal <= '1'; 
wait until execution state signal = '1'; 
25 execution trigger signal <= '0' 

wait until execution state signal = '0' 
(Processing 7') A signal assignment in a VHDL 



- 25 - 



process block is not immediately reflected in a signal 
value. It is reflected when a wait statement is 
processed. In consideration of this effect, conversion 
is performed as follows. A temporary process variable 
5 is defined with respect to a VHDL signal. An 

assignment statement for variable: = signal; is 
generated immediately after the wait statement, and an 
assignment statement for signal <= variable; is 
generated immediately before the wait statement. An 
i;3 10 assignment statement to a SpecC language function 

exterior variable is an assignment statement to an 

i;0 exterior variable. In addition, the value of a 

I p 

temporary variable is to be referred to as the signal 
\2 value. 

15 Consider, for example, the following SpecC 

Jigs language code with a serving as a function exterior 

variable. 

waitfor 100; 
a = 1; 
2 0 a = a+1; 

waitfor 100; 

The following is a corresponding VHDL code, in 
which a represents a signal corresponding to the SpecC 
variable a, and tmp_a is a temporary process variable 
25 corresponding to the signal. 

wait for 100 ns; 

tmp_a: = a; 



tmp_a: = tmp_a+l; 

a<=tmp_a; 

wait for 100 ns; 

If, however, an assignment destination corresponds 
to a SpecC language port variable, assignment is made 
to a signal with the OUT attribute instead of the above 
signal . 

Then, it is determined that weather the variable a 
is a shared variable with reference to the preservation 
made in processing 0. If the variable a is the shared 
variable, a data signal is generated based on a 
function name. A description, for example, 
"a_out_f<=tmp_a; (note that, "f" is the function name)", 
is generated. This description means that the value of 
"tmp_a" is assigned to the data signal, namely 
"a_out_f " . 

At the same time, an assignment timing signal 
based on the same function name, for example, 
"a_otrig_f" is also generated. Following to the above 
"a__out_f<tmp_a; " code, a code described bellow is 
inserted. 

sig_otrig_f <= '1'; 
wait until CLK='l' and CLK'EVENT; 
sig_otrig_f <= ' 0 ' ; 
If a SpecC language variable is of the event type, 
no temporary variable is generated. 



' Assume that in a method of representing the 
occurrence of an event, an event signal takes a value 
of '1' during one clock. With regard to an event 
variable, "notify e;" corresponds to assignment. 

notify e; 

waitfor 100; 

The above code is made to correspond to the following 
code: 

e<= '1' 

wait until CLK = '1' and CLK'EVENT; 
e<= ' 0' ; 

wait for 100 ns; 

Although an event is referred to at "wait e;", a 
VHDL code corresponding to this code is 
wait e = ' 1 ' ; 

(Processing 8) A SpecC language class can form 
another class into an instance. The formation of an 
instance is made to correspond to a VHDL port_map 
declaration. However, a port may be segmented into a 
plurality of elements in processing 3 described above. 
For this reason, if a port is connected to a local 
variable, and the same signal is connected to a port 
variable, a signal with the same directional attribute 
is connected. 

Consider, for example, the following SpecC 
language code: 

behavior BO(inout int b) ; 
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' behavior Bl{inout int a) { 
B2 aB2 (a) ; 
//... 

}; 

5 A VHDL code corresponding to this code is 

Entity Bl is port (a: in integer; a_out 
integer; . . . ) ; end Bl; 
Architecture Bl od Bl is 

Component BO is port(b: in integer; b_out: out 
10 integer; . . . ) ; end component; 

begin 

aB2 : B2 port map (a, a_out/ . . . ) ; 
end Bl; 

15 <Value solving process creation processing (value 

solving process creation section 3)> 

(Processing 9') A value solving process is 
generated with respect to the signal, namely "sig", 
which is generated by replacing the variable thereto 

20 which is detected in advance as the shared variable in 

processing 0. Input signals to the value solving 
process are the signals which are generated with 
respect to the variables considered in processing 7'. 
An output signal from the value solving process is 

25 assumed as the signal sig. 

The value solving process handles, for a signal 
relating to function execution control, processing 
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associated with an execution trigger and argument 
altogether. Note that the execution trigger signal can 
play a role similar to that of an assignment timing 
signal . 

5 (Processing 10) If a signal to which the value 

solving process created by processing 9' described 
above is output is Entity Port, an assignment timing 
signal may be created in processing 9'. In this case, 
as an output of the value solving process, an 

10 assignment timing signal is added, and processing is 

added to change the value of the assignment timing 
signal at the timing when the value solving process 
performs processing and outputs the resultant data to 
an output destination. 

15 With the above procedure, for example, a VHDL code 

having a structure like that shown in FIG. 5 is created 
from a SpecC language code having a structure like that 
shown in FIG. 4. 

Another example of the processing performed by 

20 this language model conversion apparatus will be 

described next. 

FIG. 9 shows another example of the procedure 
executed by this language model conversion apparatus. 
In general, a SpecC language code has a tree 

25 structure formed among classes. Therefore, a VHDL code 

output in accordance with the procedure in FIG. 6 upon 
reception of the SpecC language code also has a tree 



strtacture formed among Entity-Architecture pairs. That 

is, with regard to the value solving process created in 
the value solving process creation processing 
(processing 9 and processing 10) based on the procedure 
shown in FIG. 6, a tree structure of the value-solving 
process is generally formed in accordance with the tree 
structure . 

In the procedure shown in FIG. 9, first of all, a 
procedure similar to that shown in FIG. 6 is performed, 
and then the value solving process creation section 3 
performs value solving process removal processing 
(processing 11 and processing 12) . If a program has a 
hierarchical structure, one value solving process is 
created. For example, of the value solving processes 
(see FIG. 5) created by the procedure shown in FIG. 6, 
the value solving process at the highest level is 
integrated with the value solving processing having the 
hierarchical structure. As a result, for example, the 
structure shown in FIG. 10 is obtained. In value 
solving processing removable processing, all the 
processes except for the process at the highest level 
are removed, and hence the assignment data signal and 
assignment timing signal belonging to a lower level are 
connected as port signals of each component to a 
component at an upper level . 

Value solving process removable processing will be 
described below. 



<Value solving process removable processing (value 
solving process creation section 3)> 

(Processing 11) A value solving process having no 
assignment timing signal at its output exists at the 
highest level of the value solving process. Other 
processes will be called "removable value solving 
processes". The removable value solving processes are 
removed. 

(Processing 12) The input of each process removed 
in processing 11 described above is developed into an 
Entity port. The output port of the removed process is 
removed- This processing is sequentially performed 
from the value solving process at the lowest level. 
When a value solving process at an intermediate level 
is processed, the input signal port portion of port_map 
is replaced with another port group, and the replacing 
signal group is regarded as an input signal. Finally, 
the input of the value solving process at the highest 
level becomes a data signal and assignment timing 
signal from a process having assignment processing to 
signals at all the levels. 

As described above, according to this embodiment, 
a software description containing parallel programs and 
a variable shared among the programs can be converted 
into a hardware description at the operation level 
which operates in the same manner. 

A case where parallel processes are hierarchically 
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arranged can also be properly handled. Note that an 
arrangement for forming value solving processes into a 
hierarchical structure or an arrangement for leaving 
only a value solving process at the highest level may 
5 be selected (in the former case, operation may be 

performed up to processing 10; in the latter case, 
operation may be performed up to processing 12) . For 
example, when the number of port signals is to be 
M decreased, the former arrangement is selected, whereas 

i;3 10 when a process structure is hierarchically deep and any 

m 

excess wait processing is to be avoided, the latter 
i:Q arrangement is selected. 

FIG. 11 shows another arrangement called a 

Q 

u& language model conversion apparatus according to an 

Lti 

il 15 embodiment of the present invention. This language 

model conversion apparatus is obtained by adding a 
value solving process conversion section 4 to the 
arrangement shown in FIG. 1. 

Value solving process conversion processing will 

20 be briefly described below with reference to FIG. 12 (a 

view for explaining a hardware description language 
model) . Referring to FIG. 12, reference numeral 2015 
denotes a calling-side process; 2016, a called-side 
process; 2010, an execution activation trigger signal 

25 to a (calling-side) process; 2011, an execution state 

signal from a (called-side) process; 2012, a procedure 
call switching process (the process obtained by 
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converting a value solving process by value solving 
process conversion processing) for calling a process; 
2013, an execution activation trigger signal for 
calling another process from a (calling-side) process; 
5 and 2014, an execution state signal for calling another 

process from a (calling-side) process. 

Procedure calling between parallel programs in a 
software description language model is expressed as 
•= follows in a hardware description language model. 

10 As a code for calling a procedure for converting 

.'f parallel programs into parallel programs, the following 

'■■'^ code is created. 

I: 

'A procedure is called by using the trigger signal 
=^ 2013 (2011) output from the calling-side process 2015 

15 and the execution state signal 2011 (2014) output from 

y the called-side process 2016. In addition, the 

argument signal output from the calling-side process 
and the return value signal output from the called-side 
process may be used. 
2 0 (1) Assume that a trigger is enabled until a 

called-side process is actually executed. 

(2) For the called-side process, a procedure call 
switching process for switching an (output) trigger 
signal, argument, (input) execution state, and return 

25 value signal is created. 

(3) For each parallel process corresponding to 
the called-side process, a trigger signal (to be output 
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to a calling process) , argument, execution state (input 
to the calling process), and return value signal are 
prepared separately. 

The procedure call switching process 2012 
5 sequentially executes processing under the following 

enabling condition for each input trigger (see 
FIG. 15). 

Processing to be executed under the enabling 
condition for each input trigger: 
10 (1) Other execution state signals are disabled. 

(2) An output trigger is enabled. At the same 
time, an argument signal value, if any, from a process 
is set as the value of an output argiiment signal. 

(3) When the input execution state signal is 

15 enabled, the execution state signal for the process is 

enabled. 

(4) When the input execution state signal is 
disabled, the process state signal is disabled. At the 
same time, an input return value signal, if any, is 

20 converted into a process return value signal value. 

Assume that in a hardware description language 
model output after forming the procedures in an input 
software description language model into a hierarchical 
structure, parallel processes are formed into a 

25 hierarchical structure, as shown in FIG. 4. In this 

case, as shown in FIG. 14, a procedure call switching 
process is defined with respect to one process at each 



level, as shown in FIG. 14. If, however, there is no 
need to perform switching, connection is made without 
the mediacy of a procedure call switching process. 

FIG. 13 shows a procedure executed by this 
language model conversion apparatus. According to the 
procedure shown in FIG. 13, a procedure similar to that 
shown in FIG. 6 is executed. Procedure calling between 
parallel programs in a software description language 
model is also handled as an access to a shared variable 
between the parallel programs. Following a procedure 
similar to that shown in FIG. 6, a value solving 
process is created with respect to procedure calling 
between parallel programs. In the procedure shown in 
FIG. 13, value solving process conversion processing 
(processing 13) (to be described later) is executed by 
the value solving process conversion section 4 to 
convert one of the value solving processes (see FIG- 3) 
which corresponds to procedure calling between the 
parallel programs into a procedure call switching 
process (see FIG. 12) . Note that processes that do not 
correspond to procedure calling between the parallel 
programs are left as value solving processes. 

The procedure call solving (switching ) process may 
be executed without going through the value solving 
processes . 

Value solving process conversion processing will 
be described below. 



<Value solving process conversion processing (value 
solving process conversion section 4)> 

(Processing 13) A value solving process for 
transmitting process control signals (in addition to an 
execution trigger signal and execution state signal, 
argument signal and return value data signal) created 
by processing 4 in the skeletal code creation 
processing is replaced with the process created by 
processing 9 in the value solving process creation 
processing. More specifically, the following 
replacement is performed. 
(Processing 13-1) 

First of all, signal definitions are added. As an 
execution state signal, a signal common to the 
respective calling-side processes is prepared for each 
calling process. Likewise, a return value signal is 
also additionally defined for each calling process. 
(Processing 13-2) 

Signal replacement is then performed in a 
calling-side process. More specifically, an execution 
state signal in the "wait until" condition is replaced 
with the signal created in processing 13-1. The return 
value signal reference portion is also replaced in the 
same manner. 
(Processing 13-3) 

A value solving process for an execution trigger 
signal is replaced with the following process. 



Inputs to the process include the execution state 
signal and return value signal output from the called 
process in addition to an execution trigger signal and 
argument data signal from each calling process. 
Outputs from the process include an execution trigger 
signal and argument data signal to the called process 
in addition to an execution state signal and return 
value signal for each calling process signal. 

In addition, this process implements the operation 
shown in FIG. 15 or equivalent operation. For example, 
the following are operations to be implemented: 

(1) There is an infinite loop for monitoring an 
execution trigger. A condition for exiting from this 
loop is to enable at least one value of input execution 
trigger signals. 

(2) A conditional branch under the condition that 
each execution trigger signal is enabled immediately 
after the flow exits from the loop is prepared. Assume 
that this conditional branch is set in a sequential 
serial as follows: 

if condition 1 then 

processing 1; 
end if; 

if condition 2 then 

processing 2; 
end if; 



- 38 - 



(3) The following are processes to be performed 
when the respective conditions are satisfied: 

(3-1) An execution trigger signal value for a 
called process is enabled. 
5 (3-2) The flow waits until an execution state 

signal from the called process is enabled. 

(3-3) An execution state signal to a calling 
process is enabled. 

(3-4) The flow waits until the execution state 
10 signal from the called process is disabled. 

(3-5) The execution state signal from the calling 
process is disabled, and the return value signal value 
from the called process is transmitted to the return 
value signal for the calling process. 
15 Another example of the processing performed by 

this language model conversion apparatus will be 
described next. 

FIG. 16 shows another example of the procedure 
executed by this language model conversion apparatus. 
20 In this procedure, the value solving process 

conversion processing (processing 13) shown in FIG. 13 
is performed after the skeletal code creation 
processing (processing 1 to processing 6) , code 
replacement creation processing (processing 7 and 
25 processing 8), value solving process creation 

processing (processing 9 and processing 10), and value 
solving process conversion processing (processing 13) 
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shown in FIG. 13 are performed. 

If parallel processes are formed into a 
hierarchical structure, hierarchically created 
procedure call switching processes except for the 
5 process at the highest level are not created. 

Input/output signals for a lower-level process are used 
as input/output signals for the remaining process. 
Port signals required for this operation are created. 

As a consequence, for example, the structure shown 
10 in FIG. 14 is converted into the structure shown in 

FIG. 17. 

As has been described above, according to this 
embodiment, when parallel programs in a software 
language are to be converted into a hardware 

15 description, the programs can be converted into a 

hardware operation description that realizes exclusive 
process execution processing corresponding to procedure 
calling (i.e., allows exclusive calling). 

In addition, this embodiment can handle a case 

20 where parallel processes are hierarchically arranged. 

Note that either an arrangement for forming procedure 
call solving processes into a hierarchical structure or 
an arrangement for leaving only the procedure call 
solving process at the highest level may be selected 

25 (in the former case, processing 1 to processing 10 and 

processing 13 may be performed, whereas in the latter 
case, processing 1 to processing 13 may be performed) . 
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For' example, when the niamber of port signals is to be 

decreased, the former arrangement is selected, whereas 
when a process structure is hierarchically deep and any- 
excess wait processing is to be avoided, the latter 
5 arrangement is selected. 

Each function described above can be implemented 
as software. 

In addition, this embodiment can be practiced as a 
hj= program for causing a computer to execute predetermined 

Cj 10 means (or causing the computer to function as 

;:0 predetermined means or to realize predetermined 

i:o functions) or a computer-readable recording medium on 

which the program is recorded. 
Q: Additional advantages and modifications will 

r:' 15 readily occur to those skilled in the art. Therefore, 

the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
20 spirit or scope of the general inventive concept as 

defined by the appended claims and their equivalents. 



